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Pe/argonium capita tum (L.) L.:Herit. is one of the parent species oi the cultivar Rose grown on the Island of Reunion for 
its essential oil. The ultimate aim of this project is to identify chemotypes which CQuid be included in hybridization 
programmes to ennoble the cultivar Rose. Forty populations of P capita tum were selected along the west and east 
coasts of South Africa to describe the essential oil and macromorphological diversity in relation to geographical 
distribution. A mUltivariate statistical analysis was performed on the essential oil data. A survey of the composition of 
the volatile oils proved the species to display high levels of essential oil variation which allows for the species to be 
d ivided into chemotypes correlating 10 geographical distribution . No clear-cut macromorphological discontinuities were 
apparent between populations, but an obvious congruence between the essential oil composition and macro-
morphology was accentuated in extreme cases. 
Pelargonium capita tum (L.) L'Heril, is een van die ouerspesies van die kultivar Rose wat op Reunion-eiland gekweek 
word vir essensiele olie. Die uiteindelike doe I van die projek is om chemotipes van P capita tum te identifiseer wat in 
hibridisasie-eksperimente ingesluit kan word om die kultivar Rose verder te veredel. Veertig populasies is langs die 
westelike en oostelike kuslyne van Suid-Afrika ondersoek am die diversiteit in die samestelling van essensie!le olie en 
die makramarfalagie Ie beskryf, en om vas Ie stal af die variasie enige verband hau met geografiese verspreiding. Die 
samestelling van die essensiele olie varieer aansienlik en 'n veelvariate statistiese analise het gelei tat die 
identifisering van chematipes van P capita tum wat met geografiese verspreiding korreleer. Geen diskrete 
makromorfalagiese diskantinu"iteite is tussen populasies waargeneem nie, alhaewel 'n duidelike ooreenkoms lussen 
chemiese sames telling en makromorfotogie van essensiele olie in ekstreme gevalle na vare getree het. 
Keywords: Essential oil , geographical variation, Geraniaceae, multivariate analysis, Pelargonium capita tum. 
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Introduction 
Pelargonillm capilatum may be regarded as one of the most 
important species of Pelargonium used in the cultivation of 
hybrids from which the commercially important geranium o il is 
extracted. Maurer (1956) stated that the original South African 
plants have provided north-west Africa, southern Europe, cast 
Africa and Reunion (Bourbon) with plantation stock, especially 
hybrids of P. capitatum, P radens L' Herit. and P. graveolens 
H.E. Moore. The scent-yielding Pelargonium was introduced to 
Reunion in 1880. The plant cultiva ted on Reunion today is an FI 
hybrid between P capitatllJtl and P. radens (Oem arne & Van der 
Walt 1989). 
The aim of this project was to investigate the chemical and 
macromorphological diversity across the entire distribution 
range of P. capitatum. This would lend insight into the total 
chemical and macromorphologica! variation within the species 
and establish whether the variation is correlated to the geograph-
ical distribution. This article is the last in a projected series of 
three on the essential oil in P. capitatum. The essential oil com-
position of 1~ capitatum was described in Part I (Demarne el al. 
1993) and the chernotypes were identified in Parl II (Viijoen er 
at., in press). This arlicle also fOnTIS part of a comprehensive sur-
vey where the essential oil composition of natural Pelargonium 
species is analysed (Van der Walt & Demarne 1988; Demarne 
1989. 1990; Dcmarne & Van der Walt 1990. 1992. 1993). 
Material and Methods 
The area where plants were collected far this study represents the 
known geographical distribution range (Van der Walt 1985) and 
extends from Lambert's Bay on the west coast to Clansthal on the 
eac;t coast. Fresh plant material was collected from forty populations 
(Figure 1; Table 1 in Part II, Viljoen er ai., in press) at ca. 25-km 
intervals. At each population leaves were co llected from most of the 
plants to get a representative sample of about 800 g for distillation. 
Cuttings were planted in the Botanical Garden at the University of 
Stellenbosch and voucher speCimens of all material collected are 
housed in the herbarium at the Department of Botany, University of 
Stellenbosch (STEU). 
Essential oil was obtained by stearn distillation, using a modified 
Clevenger glass apparatus suitable for small quantities (Demarne 
1989). After distillation of ca . 40 min, the essential oil was dissolved 
in 1.5 ml of pure hexane to improve the recove ry. Before analysis the 
oil was filtered dry througb water-absorbent paper (Marcherey Nagel 
MN612 wa) . 
The oi l samples were GC- and GCIMS-analysed. For GC analysis, 
two different fused silica capillary columns (50 m x 0.32 mm x 0.3 
11m), of different polarities (HP 101 and HP 20 M) were used, with 
hydrogen as carrier gas. The conditions were a') follows: FlD operat-
ing voltage +250 V, injec tor L"50°C, detector 260°C, oven program 
70- 200'C (HP 20 M) or 70-290'C (HP 101) at 2'C min- I. 
Compounds were identified by comparing their retention times 
and Kavats indices with those of authentic samples, and/or matching 
their mass spectra with library spectra. Kovats indices were calcu-
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Figure 1 The locations of P capilalum populations sampled. 
Jated by referring to retention times of a se ries o f n-alkanes (C6-
C23) and to those of a series of ethyl esters (C3- CI8). 
Three multivariate statistical procedures were used to descri be the 
possible geographical variation in the essential oil composition: 
0) Principal component analys is (PCA). (ii) cluster analysis (CA). 
and (iii) multivariate analysis of variance (MANOVA). Statistical 
procedures and the results are dcscibed in part II (Viljoen et ai., in 
press) as well as by Viljocn ( 1993) and it suffices 10 mention here 
that the rust six principal components, explaining 90% of the vari-
ance (i.e. reduced data set), were then used in a cluster analysis. To 
test whether the geographical regions generated by the cluster analy-
sis are internally homogeneous, or whether tbey are heterogeneous 
from one region to another, a MANOVA wac; conducted (significance 
level P<O.05). A significant sum of squares permitted the corre-
sponding clusters to be j udged heterogeneous ly. 
The chemometric analysis was conducted with the assistance of 
the Deparunent of Statistics at the University of Stellenbosch, using 
the statistical packages, SYSTAT, SAS and MINITAB. 
Morphometric methods were used 10 compare the shape and size 
of a particular structure. The samples may represent geographical 
localities, developmental stages, genetic effects, environmental 
crfects , elc. (Rholf & Marcus 1993). Populations of P capitatum 
proved to be morphologically continuous. The uniformity limited the 
selection of variable morphological characters to the petal length, 
petal width and number of flowers per pseudo-umbel. Twenty inflo-
rescences were collec ted a t each popu lation and flowers were 
counted in situ. From each floral diagram (n =10) a series of meas-
urements were made (Figure 2) with a Summagraphics digitizer. 
Results and Discussion 
Yield of essential oil 
The essentia l oil yield of all the P. capitatum populations was 
relatively low in comparison with other scent-yielding Peiargo-
nium species (P. radens, P. romentosum Jacq . and P. graveolens) . 
Figure 3 represents the yield of essential oi l expressed as the per-
centage of essen tial oil (ml) in the fresh leaf material (g). The 
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yie ld ranges between 0.005% and 0.075% with an ave rage yield 
of 0.034%. The pattern of essential oil production is erratic and 
seemingly without tendency for a specific geographical region. 
No positive correlation is eviden t between the yield of essential 
s. Mr. J UOL, 1995,61(3) 
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Figure 3 The yield of essential oil expressed as the pcrccnt:lgc of 
essential o il (m l) in the fre sh leaf material (g). 
oil and luxuriant growth. If any such correlation is present it 
would be a negative correlation. Population 7 (between Lange-
baan and Yzcrfonlcin) and population 40 (Clansthal) produced 
tile highest volume of essential oil, yet during the period of sam-
pl ing the plants were in a poor vegetative state. The converse 
also holds true. PopUlations 16 (Strand), 24 (Capc SL Francis) 
and 38 (Uvongo) produced relatively little essential oil despite 
the facl that the plants were healthy, succulent and profuse ly 
branched . Extensive research has been undertaken to account for 
the variation in the yield of essential oils (Adams 1970; Pleisher 
& Fleisher 1985; Rhizopoulou & Diamantoglou 199 1; Dudai el 
aZ. 1992). Seasonal and daily fluctuations of essential oil produc-
Lion in Pelargonium was reported by Yoshida el aZ. (1968) and 
Korezawa ( 1960a, 1960b, 1961a, 196Ib). They concluded that 
various micrometeorological elements such as radiation, air tem-
perature and hum idity influence the essential oi l production. 
Y;:m no vi ts-Argiriadis et al. (1 992) dcmonstrdtcd the seasonal 
Iluctuat ion o f geranyl pyrophosphate synthetasc, the key enzyme 
responsible for the biosynthesis of geraniol. Dudai el af. ( 1992) 
concluded that photoperiod, phenological and developmental 
stages have a marked influence on the quantity of essential oil 
produced. 
According to Fleisher and Fleisher (1985), Pelargonium plants 
achieve their characteristic odour during the flowering stage. For 
this reason , all populations were sampled in September at the 
beginning of the flowering stage. AU samples are comparable. 
thus eliminating any effect of seasonal variation . ft is in teres ting 
to note that two adjacent populations, numbers 7 (Langebaan) 
and 8 (Yzerfontein), were sampled an hour apart under the same 
conditions, ye t they produced contrasting volumes of essential 
oil. The only variable parameter was the microhabi tat of the 
plants. Popu latio n 7 grows adjacen t to the national road, the 
plants have a dwarfed morpho logy and the habitat appeared 
extremely dry. Population 8, another roadside population, is buff-
ered from the roadside, growing among grass, and the sampling 
area seemed moist as run-off water from the roadside is poorly 
drained. 
Yannovi ts-Argiriadis et af. (1992) stated that the produc tion of 
essential oil is closely related to the environmental conditions 
under which the plant is grown. Rhizopolou and Diamantoglou 
(1991) stated that the conduction of water within aromatic plants 
is of great im por lance in the production of essential oil. Gener-
ally, however, the formation and the accumulation of essential 
oils in plants tend to increase in drier environments (Penka 
1978). The results depicted in Figure 3 support the view of Rhiz-
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opolou ana Diamantoglou (1991), concluding that the highest 
volume of essent ial oil content is measured under decreasing soil 
water con tenl. 
The chemical composition and diversity was described in Part 
I (Demarne el al. 1993) and Part II (Viljoen ef al., in press) as 
well as by Viljoen (1993) , bu t the pri nciple feature obtained from 
the GC-analysis is the high degree of quantitative variation 
amongst the popUlations. figures 4- 7 are histograms of selected 
terpenoids to illustrate the quantitative variation. Individu al com-
ponents like a.-pinene, lO-epi-gamrna-eudesmol, citronellol and 
gcnnacrene D can cons titute high percentages in one population, 
whilst they could be totally absent in ano ther population. 
ChemogeographicaJ variation and chemotypes 
The essential oil correlation with geographical variation is a 
well-investigated topic in chemosystematics (Adzet et ai. 1991; 
Forde & Blight 1964; Harborne & Turner 1984; Zavarin et al. 
1978, 1993; Zygadlo et al. 1990; Yokou el al. 1993). Gabriel and 
Sokal (1 969) regarded the prim ary aim of geographic variation 
anal ysis in biological systematics to be the description and sum-
marization of patterns of variation and covariation of characteris-
tics of organisms. that are distributed over an area. The basis of 
invest igations in geographical studies rests on the existence of 
popula lions of comparable organisms at a number of localities in 
the arca under study (Gabriel & Sokal 1969). 
Table 1 categorizes the chemotypes defined by the principal 
comIXment and cluster analysis described in part II. Only the 
essential oi l components having discriminatory value have been 
included in the table . The populations representing each chemo-
type are also indicated. From Figure 1 and Table 1 it is evident 
that the pattern of variation corresponds to geographical distribu-
tion. Chemotype 1 occurs in the Cape Peninsula and the south-
western Cape area. Chemotypc 2 is restricted to the west coast 
includ ing population 2 from the north and population 19 along the 
south coast near Klein Brak River. The northern west coast reg ion 
includes populations 3, 4, 5 and 6 clustered with two sou th coast 
populations (17 and 18) (0 fonn chemotype 4 . The south coast 
populations (20-23) cluster with population 1 to fonn chemotype 
3. Although populations 36 and 38 are situated 70 km apart, they 
fonn an isolated unit to fonn chemotype 8 with the intermediate 
population 37 (Margate) excluded.. Tbe area north of Plettenberg 
Bay (population 23) to the Kei River (30) differentiates into two 
chemotypes with a subtle overlap. Chemotype 6 (populations 24, 
26 and 27) is located in the southern part of this region whereas 
chemotype 7 (populations 25, 28, 29 and 30) occupies the north-
ern territory. Populations 31-40 (ex.c1uding populations 36 and 
38) may be joined by a single chemophene to delineate the most 
conspicuous chemotype, 8, along the eastern coastal belt. 
The MANOVA confirmed the geographical grouping of popu-
lations in terms of essential oil composition to be significant and 
homogeneous witbin. The null hypothesis that the averages of 
the vectors of the groups arc equal , is rejected as the p value 
(0.0001) is significant. The plot in Figure 8 shows the first and 
second principal components (representing 61 % of the to tal 
variance), with the populations coded according to the eight 
cbemotypes. From this plot it is cvident that each group forms a 
coherent cluster. 
Geographical regions are defined as sitcs of connected locali -
ties. with connectedness being defin ed geometrically (Gabriel & 
Sokal 1969), the strength of the connectedness being a function 
of geographical or ecological distance or a combination thereof. 
U!\ually one prefers 10 group together localities that are geo-
graphically adjacent and where the populations are similar in 
charac teristics, the reason being that it is easier to interpret the 
variational and correlational patterns. Sokal (1983) emphasized 
that the geographic shape of the area, a large continuum versus 
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Figure 4-7 Histograms representing the quantitative variation of a single essenlial oil component measured for all populations. 
essentially one dimension as along a river or a shoreline, and the 
posilioning of ecological resources exert important effects on the 
population structure of a species. The populations pertaining to 
each essential oil type are linked by intermediale gradation. The 
geographical regions comprising type 1 essential oils (popula-
tions 1-23) tend to be more heterogeneous in character when 
compared to the populations comprising the type 2 region which 
is a more homogeneous group. The diversity is greater in the 
type I (populations 1- 23) area and could mainly be ascribed to 
quantitative differences. Balfour and Linder (1990) explained 
that much of the within-species diversity may be due to the 
steeper ecological gradients within the Cape Floral region . As 
most of the populations are coastal, topographical barriers. 
known to enforce a higher degree of differentiation between pop-
ulations. are eliminated as an isolating mechanism. The lack of 
isolating mechanisms could thus explain the misplacing of cer-
tain populations in the type 1 group, resulting in a mosaic pattern 
of variation . The variation within each Iype is continuous over 
the area establishing certain trends and clines. Figures 9 , 10 and 
11 are maps depicting geographical variation of a single chemi-
cal componenl. These maps show chcmogeographical trends and 
clines in the concentration of a chemical component. A cline is a 
gradient in a measurable character with the steepness of the cline 
being a measure of the extent of geographic differentiation (End-
ler 1973) . Endler (1973) explained that a subtle cline originates 
due to very strong gene flow or environmental differentiation 
, which is very weak . 
This pattern of mosaic variation is illustrated by populations 2 
and 19 which are included in chemotype 2, population I in 
chemotype 3 and populations 17 and 18 in chemotype 4. Popula-
tions of the type 2 region also appear to have only subtle quanti-
tative differences distinguishing chcmotypes in terms of geo~ 
graphical distribution. The type I and type 2 regions. however, 
have more discreet discrimininalory variables. Gabriel and Sokal 
(1969) differentiated between trends and partitions. Trends are 
the smoothed contours and gradients appropriate for characters 
that vary continuously over an area. For partitioning. the ideal 
situation assumes that characters vary between subregions but 
are homogeneous within a region (Gould & 10hnston 1972). A 
global ordination reveals abrupt changes between the two types. 
Each area (defined as type 1 or type 2) consists of separate 
regions with these regions displaying a trend to grade into one 
another, while a sharp partition separates the two major areas 
from one another. This partition occurs between population 23 
(Plettenberg Day) and population 24 (Cape 51. Francis). 
According to Andersson (1991), island-like habitats (waste 
lands. arable lands etc.) could be important in promoting varia~ 
tion. Soule (1973) referred to marginal populations as those 
populations occupying ecologically marginal habitats when com-
pared to ' the geographic centre. Population 36 (Port Edward) may 
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Table 1 A description of the chemotypes defined in P. capita tum 
Chemotype 2 3 4 5 6 7 Population Oil type 
+ + + 0- -+ 12,13,14,15,16 
2 + + -+ 2,7,8,9,10,11,19 
3 + +/- + 0-+ -+ 1,20, 21,22,23 
4 + +/+ + + -+ 3,4 , 5,6,17,18 
5 + + + + ++ -+ 36,38 2 
6 + D- o- -+ 24,26,27 112 
7 0 + 25,28,29,30 2 
8 0 + -+ 31,32,33,34,35, 37, 39,40 2 
0 , Absent ; +, Present in rugh percentages; -, Prescnt in low percentages. 
1. Citronellal formate ; 2. Guaia-6.9-diene; 3.o-Cadinene; 4. Epi-gamma-eudesmol; 5. Gcrmacrene D; 
6. a -Pinene; 7. p-Caryophyllcnc epoxydc 
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Figure 8 Principal components 1 and 2 with populations coded according to the eight chemotypes identified in Table 1. 
be described as such a marginal population occupying an island-
like habitat, as it grows isolated on a rocky outcrop. This was 
reflected in the chemical composition (and the macrornor-
phology) which, just as that of population 38, has a unique indi-
viduality. 
Genetic versus environmentally induced variation 
The environmental and genetic factors which govern and influ-
ence the composition of the essential oils have been studied by 
various researchers (Vokou el al. 1993~ Hanover 1966; Hickok & 
Anway 1972; Rhoades et al. 1976), As early as 1966, Hanover 
stated that the environmental variation of a plant chemical may 
be atlributed to a number of possible sources including climatic 
factors. nutritional status, time of sampling, tissue sampled, posi-
tion in the plant. maternal effects and environmental error. Har-
borne and Turner (1984) stated that the qualitative production of 
terpenes is genetically determined. although there has been evi-
dence to suggest that compounds are readily affected by environ-
mental factors. 
For the purpose of this study, no environmental factors were 
measured. The observation was made that the type 1 region 
occupies the Fynbos phytogeographical region (mainly winter 
rainfall area), whereas the type 2 region occupies the summer 
rainfall area. The variation in the essential oil is clinal and may 
be supported by the view of Endler (1973) 1hat a smoothly 
changing environmental factor is more common in nature than 
arc sharp changes. 
The garden test plant experiment was undertaken to investi-
gate to what extent environmental factors influence terpenoid 
production, and whether the variational patterns could be 
ascribed to genetic factors only. The hypothesis was fonnulated 
that should the essential oil of the garden test plants all be similar 
and thus differ from the natural populations, then most of the var-
iations could be ascribed to environmental conditions. Should 
the results of the garden test plants correlate with those of the 
natural populations, genetic regulation of variation would be 
confinned. To determine whether the variation is genetic or envi-
ronmentally induced, a representative population in each of the 
first four chemotypes was analysed. 
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Figure 9 Chemogeographical variation in citronellal formate 
conceniIation. 
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Figure 11 Chemogeographical variation in 8-cadincne concen-
tration. 
Cuttings of the garden test plants were transferred to the 
Bolanical Garden in 1991 where they grew for two years under 
the same environmental and soil conditions. Figure 12 (A-D) 
displays the results of the essential oil of the four populations 
S.-Mr.TyJskr.Planlk. 1995, 61 (3) 
studied. The butterfly images of the gas chromatograms allow 
easy visua l assessment of the high correlat ion hetween the gar-
den test plants (GTP) and the natu ral populations (NP). In Fjgure 
12 (9 ) the gas chromatogram of the natural populations analysed 
in 1991 is almost identical when compared to the gas chromato-
gram of the garden test plants analysed in 1993. This high degree 
of correlation is repealed in Figure 12 (C). Minor quantitative 
differences arc noticeable when the chromatograms of the natu-
ral populations arc compared to those of the garden test plants, as 
represented by Figure 12 (A&D). The differences present may be 
ascribed to the variation within it popUlation. The natural popula-
tions were analysed by including all the individual plants in the 
sample. Only three cuttings were transferred to the Botanical 
Garden. Three cuttings could not be representative of the essen-
tial oil of the entire population. From these resu lts it could be 
concluded that the variation in the essential oi l can be ascribed 
main ly to genetic factors. A high degree of variation occurred in 
the results of the [our garden test plant populations. T he fact that 
each population retained its individuality confirmed the genetic 
regulation of the varia tion in the composition of the essentia l 
oils. It is concluded that the var iat ion could initially be ascribed 
to envlronmental conditions. which is confirmed by the chemical 
races correlating with geographical distribution. This variation, 
however, has over time been transformed into a genetically 
induced variation which is confinned by the results of the garden 
test plants. 
Floral morphology 
Studies investigating the geographical vilfiahility in secondary 
metabolites are often undertaken in concordance with morpho-
logical investigations (Adams 1970; I [ickock & Anway 1972; 
Abbott 1886; Zavarin el al. 1980; Snajbcrk el al. 1982; 0vstedal 
& Mjaavat ten 1992; Vil lani el al. 1992). A study of this nature 
could conflfITl or reject the congruence between chem ical and 
macromorphological traits and cou ld determine if morpholypes 
correspond to chemotypes. 
Generally. no apparen t macromorphological discontinuities 
were observed between popu lat ions. Plan ts from adjacent locali-
ties with sim ilar environmental conditions were not more similar 
than plants from siles separa ted by large geographic distances. 
Due to the uniformity of morphological features, only three 
variables were investigated: 0) petal length, (ij) petal width, and 
(iii) the number of flowers per pseudo-umbel. Many other mor-
phological diagnostic features were considered bUl had to be 
eliminated due to the high degree of variability within a popula-
tion. Plant height, flowering time and size of vegetative features 
are more likely to vary within a given population because of 
gene tic and environmental factors [han arc floral parts (Harborne 
& Turner 1984). For this reason, petal length and the number of 
flowers per pseudo-umbel proved to be the most Significant, hav-
ing the highest discriminatory value. 
Observed variation in flower number and petal measurements 
appear to be cl ina!. A gradual increase in the amount of flowers 
per pseudo-umbel was noted (Figure 13). while the flowers 
became progress ively smaller as the size of the petals decreased 
(Figure 14). Winn and Gross (1993) concluded that the variation 
in flower number seen in the field among populations within lati-
tudes had no genetic basis. This result is not surprising, given 
that local environmental conditions likely to effec t flower 
number (soi l fertility, light availability, density of competing 
vegetation, etc.) vary over distances as small as those between 
local habitats. Additional environmental factors such as rainfall. 
length of growing season and temperature extremes may contrib-
ute to differences in flower number. Moving from the west coast 
round to the east coast. the general pattern of non-optimal condi-
tions becomes evident. The populations sampled on the east 
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Figure 12 A-D. Gas chromatograms of the essential oil of the garden test plants (GTP) butterflied against the chromatograms of the natural 
populations (NP) . 
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Figure 13 Geographical trend in the number of flowers counted for 
P capitatum populations. 
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Figure 14 Geographical trend in the anterior and posterior petal 
measurements of P capita tum populations (L, length; B, breadth). 
coast appeared to be drought-stressed and SUbjected to ecological 
harshness. The assumption is made that the plant would invest in 
more flowers per pseudo~umbel (reproductive units) to promote 
survival before expending energy on promoting floral display 
(flower size). This supports the work of Rodrigues-Robles et al. 
(1992) who concluded that an increase in inflorescence size 
(total number of flowers per pseudo-umbel) contributes to the 
attraction of pollinators. Inflorescences containing a different 
number of flowers have been shown to be differentially success-
ful as pollen recipients and donors. 
Macromorphological traits did accentuate variation in extreme 
cases, as in populations 36 and 38. We have remarked upon the 
unique nature of these two populations. This individuality was 
repeated and emphasized on the macrornorphoiogicai leveL 
These two populations are the only two to differ strongly from 
the other 38 homogeneous popUlations. The habitus of the plants 
appeared to be more erect, while the leaf morphology also dif-
fered. The leaves were extremely large and not crinkled. The 
most striking difference was the white flowers of these two 
populations compared to all the other pink-flowered populations. 
Macromorphological traits act as indicators to emphasize 
extreme chemical deviations. 
Conclusions 
The study has led to an elaborate documentation of the composi-
tion of the essential oils of P capitatum and a clear demonstra-
tion of the high degree of variability in the composition of the 
essential oils. This pattern of variation corresponds to geographic 
distribution which allows the species to be divided into eight 
chemotypes. The results support the work by Demarne (1989) 
and bring new evidence to establish that several biochemical 
pathways exist in P. capitarum. The differences are represented 
in terms of quality and quantity of components synthesized. The 
high degree of diversity associated with P. capitatum is of partic-
ular importance in breeding and selection of new cultivars of 
Pelargonium for 'geranium oil' production. When P. capitatum 
is crossed with P. radens or P. graveo/ens, the quality of the oils 
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obtained in the Fl progenies depends mainly on the P capitatum 
parent. These differences could probably be ascribed to the bio-
chemical diversity in P. capjtatum. 
It is concluded that P capitatum is macromorphologically 
relatively invariable. Quantitative differences establish a gradient 
of variation and erratic macromorphological d iscontinuit ies cor-
respond to extreme irregularities in terpenoid constitution. 
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